Abstract: This article aims to assess the spatial distribution of the IST (internal surface temperatures) in the ceiling and DBT (dry bulb temperatures) of a LGR (light green roof) in a test cell. Cover systems known as green roofs have the potential to retain rainwater and help reduce runoff. However, the characteristic considered in this work is the insulation capacity of this kind of coverage. To evaluate the spatial distribution of temperatures in an environment with light green roof, we proposed a new method for acquisition of series of climatological data and temperatures according to spatial and temporal approaches of dynamic climatology. Climatological data were provided by an automatic weather station and temperatures were collected in a test cell with light green roof. The spatial distribution of surface temperatures and internal air temperature (DBT) are based on the concepts of a climatic episode and typical experimental day from the study of the dynamic climatology. The results led to the conclusion that the light green roof has a balanced spatial distribution of the IST and of the internal air temperature (DBT), i.e., without substantial variations over the day. The new methodology also showed the importance of specifying the location of the sensors and automatic weather station in experimental studies on the thermal behaviour of buildings.
Introduction


This work aims mainly the analysis of the spatial distribution of roof internal surface temperatures and the indoor air temperature gradient (dry bulb), in a test cell with light green roof. Test cells are built spaces, which have an appropriate scale so as to maintain the linearity of the temperature data collected close to a real situation. This linearity in measurements would not happen if you used models instead of test cells [1] .
The methodology for collecting data in this work, amongst the understanding of atmospheric processes, will be an important contribution in experimental studies on behaviour, performance and thermal comfort in building, since they used different methodological procedures for collecting such data [2] [3] [4] . Thus, it will enable the standardization of methodological procedures for collecting temperature data, ensuring greater reliability of results, and to facilitate the exchange of information between researchers.
The use of green roofs in cities is increasing, as this roofing system can effectively contribute to possible solutions for various environmental problems arising from construction and urban development, such as flooding during the spring and summer in south eastern Brazil, resulting from the tendency of concentration of rain in a few days [5] . Green roofs have the potential to retain rain water on the roof surface, reducing the surface runoff effect through the absorption of the precipitation, to distribute the flow for a longer period of time [6] . The slowing of the rainwater flow helps reduce the impact of heavy rains, affecting urban areas with higher portion of impermeable soils [7] , besides contributing to the reduction of pollution from urban storm water by means of filtering and absorbing pollutants [8] .
Added to aspects of sustainable construction, the application of green roofs intends to optimize the energy efficiency of buildings by reducing artificial thermal conditioning and meet the requirements of comfort while minimizing the values of the indoor air temperature and internal surface temperature in the roof system. These two aspects also contribute to the reduction of health problems and increased productivity through the promotion of appropriate working conditions, especially in buildings that seek to reduce their operating costs [5] . Since the temperature range on green roof surface is lower, with low thermal oscillations compared to conventional roofs, the thermal stress on this surface is significantly reduced, which improves the durability of the roof [5, 9] . Other factors can be added to this issue, such as reducing the heat island effect, because the green roof contributes to evapotranspiration and increased humidity in the surrounding air [10, 11] . In this work, the study of spatial distribution of temperature in a building with green roof was developed from the concept of representative climatic episode, according to dynamic climate approach. The possibility of adopting this climate approach offers, in a short time, contributions to the understanding of climatic conditions and potential impacts on the already built environment, with respect to energy conservation and behaviour and thermal performance of buildings [1, 5] .
Climatic conditions considered balanced are very rare, however, it is possible to design comfortable spaces with low maintenance costs reducing the artificial thermal conditioning.
There are different climatic conditions that interfere on a building. The building interior has an internal air temperature obtained passively, which is a result of the incidence of solar radiation, temperature, wind speed and air humidity [12] .
According to Olgyay [13] , the process for creating suitable spaces for human life can be divided into four steps: (1) analysis of local climatic conditions; (2) evaluation of the influence of climate based on human sensory perception; (3) search for appropriate technological solutions for construction, consistent with the local climate; (4) architectural application from the previous three phases.
Olgyay [14] analysis exemplified the different conditions that affect the built environment. He talks about a climatic interpretation to make a suitable project to the environment or region where it will be located, using architectural principles such as spacing, orientation, solar control, environment, wind effects, performance and thermal behaviour of materials, among others. Variations in temperature, solar radiation and the speed and air humidity are conditioned by the dominant air mass that is acting at the project site, i.e., in mesoclimatic scale. However, other conditions must be taken into account, such as factors modifying the initial conditions of climate-topography, relief, altitude, latitude, longitude and continentality, vegetation, among others, and the scale of time approach (years, months, days) and space (macroclimate, mesoclimatic and microclimate).
Therefore, the application of dynamic climatology is more appropriate because it recognizes the zonal and regional climates, correlating them to general atmosphere circulation, based on meteorological data taken at the surface and obtained automatically and in real time, and enable the validation of energy efficiency simulation software.
LGR (Light Green Roof)
LGR is made up of grass, substrate with vegetal soil, a draining blanket and a waterproofing layer. This set should be placed on a slab. Although the construction of this type of coverage is simple, the drainage and sealing systems must be chosen and executed with rigorous quality. The LGR is designed to have a proper weight equivalent to the weight of a conventional roof system with wooden frame and ceramic tiles [5] . In this research, the LGR was constructed from the reform of a test cell at the experimental plot. In place of the old roof, it was concreted a preformed slab with The use of this resin as waterproofing layer has great relevance because it is a biodegradable and nontoxic product, i.e., does not harm the environment or human health, and is originated from a renewable source, contributing to sustainable construction [1] .
The MacDrain 2L geocomposite used to drain the substrate (partnership with Maccaferri do Brasil Ltda) is lightweight and flexible: the core is formed by a three-dimensional blanket composed by filaments of polypropylene , thickness 10-18 mm, and geotextile filters on both sides, non-woven polyester base.
As vegetable component was used Batatais grass (Paspalum notatum), also known as common and pasture grass, as it is resistant to the sunlight action and trampling.
Climatic Analysis of the Data Series
Accelerated urban growth requires a methodology for analyzing the climate regime that is responsive and accurate, since the type of weather imposes its action to building through the work of air masses. The climate regime is characterized by changes in weather elements over time. These climatic fluctuations impose the necessity to defining the organizational strategies of built space as well as the materials and buildings elements. It is necessary to define the concept of climate regime, since the weather elements trigger thermal exchanges occurring between the inner and outer environment of the buildings, which can be respectively called climate of inside and outside. This means that, in fact, the climate regime can be represented by types of weather, i.e., the succession of linked atmospheric states that occur on a particular place.
In this work, the climatic regime from Itirapina-SP, according to types of weather, was analyzed from the concepts of representative episode of climate and experimental typical day, which has two basic situations: (1) the beginning of the process, expressed by foreshadowing and advancement of an air mass (polar atlantic cyclone ) and the other situation; (2) the final step of the process, shown by cold air mass domain and the transition conditions for a tropical air mass, according to Monteiro's definition [15] . These two situations, respectively called Pre-Frontal and Post-Frontal, will be used to define and analyze the thermal behaviour of LGR in this proposed experiment. In these situations, it occurs the higher excitations of the elements and climatic factors on buildings. So, in this paper, we considered a summer episode, describing the isolation feature of LGR against heat which is prerequisite for evaluating the thermal behaviour of buildings.
Development
In this work, the data series of IST (internal surface temperatures) of roof and the DBT (dry bulb temperature) were collected in a test cell with LGR, and the data of the main climatic variables related to the external environment (solar radiation, outside air temperature, relative humidity, wind speed and direction, atmospheric pressure and rainfall) were collected using an automatic weather station.
Test Cell and Automatic Station: Location and Characterization
The study was conducted at the experimental plot of the CCEAMA (Climatological Station 
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The test cell or experimental unit was designed to ensure equivalence to a real situation in data acquisition. The internal dimensions are 2.0 m × 2.50 m and ceiling height up to 2.82 m, slope of 23%, with a default door of 2.10 m × 0.60 m at east side and a window of 1.0 m × 0.70 m with north orientation. The doors and windows are made of Tetra Pak package ® (Fig. 1) .
The IST and DBT values from test cell were collected through thermocouples type T copper-constantan (alloy of copper and nickel), 2 × 24 AWG, with measurements at intervals of 30 min, recorded and stored by a CR10X datalogger. The accuracy of thermocouples is large, i.e., temperatures can be measured with an error of ± 0.1 to 0.2 o C since the thermocouples are in perfect condition of use and application [16] . All equipments and sensors in the automatic weather station, as well as 12V rechargeable battery, solar panel and CR10X datalogger, are from Campbell Scientific Inc. Company, responsible for the collection and storage of external climate data.
Installation of Temperature Sensors
The sensors responsible for collecting data from IST in the LGR ceiling were installed as shown in Fig. 2 .
With this distribution of sensors in the ceiling surface, we intended spatial measurement to check if there is a significant difference between the temperature values of sensors. The sensors farthest from the middle point were positioned 10 cm from each wall. In the diagonal and perpendicular lines, there is a sensor equidistant from the middle point and its respective sensor close to the wall. In total, there are 17 points of IST sensors in the test cell (Fig. 2) .
To assess the indoor air temperature (DBT), thermocouples were installed in the middle of the cell, varying the heights (0.10, 0.60, 1.10, 1.70 and 2.10 m, all of them from the finished floor). Other two sensors were included in this evaluation: IST 14 in the ceiling and IST 32 on the floor (Figs. 2 and 3 ). These heights were chosen to verify the vertical gradient of indoor air temperature (Fig. 3) . The difference between values of indoor air temperature has fundamental importance to the stress heat feeling in indoor environments, according to INNOVA's publication [17] . In total, there are five sensors for data acquisition of DBT with PVC shelters and insulated with foil blanket.
The measurements in the test cell were performed with doors and windows closed to only check the temperatures values, i.e., without the influence of passive ventilation in the data collected.
(a) (b) Fig. 1 (a) Floor plan; (b) LGR test cell. 
Results and Discussions
The data collected show the fluctuations of the meteorological time between Julian days 58 to 83 (Feb. 26 to Mar. 24, 2013), corresponding to the summer period in the southern hemisphere.
For the episode definition, we evaluated the data of the main climatic variables to identify the pre and post frontal steps of the cold front passage on São Paulo state (Fig. 4) , with subsequent confirmation by the GOES (Geostationary Operational Environmental Satellite) satellite images (Figs. 5 and 6 ), during the transition between summer and autumn seasons, on Feb. 26 to Mar. 24, 2013, as the presence of a cold front in São Paulo State was observed [18] . Due to the excessive size of satellite images files, we chose to present only four images, which are displayed sequentially, aiming a better view and understanding of the cold air mass movement on São Paulo State, showing the pre-frontal (Fig. 5 ) and post-frontal (Fig. 6) .
Analyzing the charts concerning the behaviour of climate variables in the episode, we selected the Julian day 63 (Mar. 4, 2013), as representative day of summer, because it showed the maximum radiation on the registered period (779 W/m²), higher temperature and the absence of cloudiness and precipitation. Fig. 7 and Table 1 show the daily variation (maximum and minimum) of DBT and IST on the central axis of the test cell for Mar. 4, 2013. According to the analysis of these data, the sensor on the floor had lower temperature range (4. However, the sensors DBT 01, 02, 03, 04 and 05 showed no temperature range very different between them, about 8.50 o C. There was also no significant thermal delay recorded among them, about 30 min maximum DBT between sensor 01 and 02, and about 30 min maximum DBT between sensor 03 and 04. However, all minimum temperatures were recorded at 7:00 a.m.. This means that the vertical DBT gradient can be considered homogeneous, since the difference between the maximum and minimum temperatures between the sensors is less than 0.2 o C, i.e., it is within the natural error measuring, with no significant thermal delays. The biggest difference is in the comparison between maximum and minimum of DBT temperatures and external air temperature. Among maximum temperature of DBT 04 (height considered standard for human activities) and outside air temperature, the In the case of data collected from sensors IST, installed in the ceiling, it was necessary to separate them into two charts (Fig. 8) and Tables 2 and 3 , to facilitate analysis of the recorded temperatures.
The sensors IST 09, 17 and 13 had minor temperature variations, about 6 o C, compared to sensors scattered around the ceiling, except IST 14 sensor, which is the central point and also presented temperature range similar to these three sensors. This may be due to their position, since the sensors 09, 13 and 17 in addition to being located more internally are on the south side of the roof, and are possibly suffering influence of this position, which in the southern hemisphere receives less sunlight intensity. Nevertheless, the sensors IST 06, 12, 20, also located on southern position, showed higher temperature ranges, more directly influenced by the south, east and west walls, which were already installed farther from the middle point. The IST sensors 06, 07, 08, 16 and 22 had higher temperature range, around 7 o C, compared to the other sensors, because they are located more externally and possibly they were influenced by walls on north and west, which have the highest incidences of light sun at the southern hemisphere.
Other factors could have influenced the temperatures collected as the roof slope and drainage capacity, but can not be considered because these issues were not controlled in this research. The sensors on the highest point of roof had higher temperatures than sensors on lowest positions, i.e., Table 1 
